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ABSTRACT
Specimens of Epinephelus diacanthus, a smaller sized protogynous grouper were 
experimented to study the process of sex reversal by feeding diets having two 
different concentrations (0.5mg and I.Omg / kg body weight) of the androgen 17a- 
Methyl testosterone for a period of 80 days. Morphological and histological studies 
showed that both the diets irrespective of the concentration of the androgen initiated 
sex reversal even on the 25'^ day of the experiment. The reversal of sex from female 
to male was complete on the 40"’ day of the experiment. The gonads remained in the 
same stage on the 60'^ day and 80"  ^ day of the experimental period. However 
functional maturity of the testes was not achieved. In control groups of fishes which 
were fed with the same diet without hormone, fishes remained as females in 
immature stages.
1. INTRODUCTION 1
2. REVIEW OF LITERATURE 4
3. MATERIALS AND METHODS 12
3.1 Collection of fishes from wild and their observation 12
3.2 Collection of live aninnals 12
3.3 Setting of biological filters in the tanks 14
3.4 Feed formulation 15
3.5 Feeding 18
3.6 Maintenance of water quality 18
3.7 Sampling procedure / processing 19
3.8 Experimental protocol 20
4. RESULTS 23
4.1 Environmental parameters 23
4.2 Observations on the feeding behaviour of 23 
Epinephelus diacanthus
4.3 Morphological and histological details of the gonads 23 
of the wild collected Groupers
4.4 Morphological and histological details of the gonads 27 
of the experimental fishes sacrificed during the 1®* 
sampllng(25'^ day of the experiment)
4.5 Morphological and histological details of the gonads 32 
of the experimental fishes sacrificed during the 2"'^  
sampling(40"^ day of the experiment)
4.6 Morphological and histological details of the gonads 35 
of the experimental fishes sacrificed during the 3'^ '' 
sampling(60’  ^day of the experiment)
4.7 Morphological and histological details of the 39 
gonads of the experimental fishes sacrificed
during the 4*^  sampling(80’'^  day of the experiment)
CONTENTS Page.No.
4.8 Changes observed in the GSI of the experimental 42 
fishes
5. DISCUSSION 44
SUMMARY 50
REFERENCES 52
Table; 1- Morphometric data collected from 24
Epinephelus diacanthus for preliminary 
examintion of sex using acetocarmine 
squash method
Table: 2- Morphometric data of experimental 28
Epinephelus diacanthus used for histology
Table: 3- Relative amounts of hormone accumulated 29
through feed in the experimental Epinephelus diacanthus
LIST OF TABLES Page. No.
LIST OF FIGURES Page. No.
Figure-1. Changes in GSI obsen/ed during MT treatments 43
Plate 1. Epinephelus diacanthus used in the experimenta! 13 
study
Plate 2. Experimental setup of the present study 13
Plate 3. Histology of the Epinephelus diacanthus gonad(1 OOX) 26
Plate 4. Maturity stage of the natural specimens(400X) 26
Plate 5. Oogonia developing in the control gonad on 25*'^  day(IOOX) 30
Plate 6. Degeneration of the 0.5MG-MTO gonad(400X) on 25'*^  day 30
Plate 7. Degeneration of the 1 .OMG -MTO gonad(400X) on 25*^  day 30
Plate 8. Roundish gonad of the control on 40’*^ day(1 OOX) 33
Plate 9. Oocytes developing in the contro!-MTO gonad(400X) on 33 
40'^ day
Plate 10. Shrunken gonad of 0.5MG-MTO on 40^ '^  day(IOOX) 33
Plate 11. Shrunken gonad of 1 .OMG-MTO on 40’*^ day(IOOX) 33
t^late 12a. Spermatocytes developing in the 0.5MG-MTO gonad 34 
(100X) on 40’  ^day
Plate 12b. Spermatocytes developing in the 0.5MG-MTO gonad 34 
(400X) on 40’  ^day
Plate 13a. Spermatocytes developing in the 1 .OMG-MTO gonad 34 
(100X) on 40'''day
Plate 13b. Spermatocytes developing in the 1.OMG-MTO gonad 34 
(400X) on 40’  ^day
Plate 14. Roundish gonad of the control on 60*  ^day (1 OOX) 36
Plate 15. Shrunken gonad of 0.5MG-MTO on 60’  ^day (1 OOX) 36
Plate 16. Shrunken gonad of 1 .OMG-MTO on 60’  ^day (1 OOX) 36
Plate 17. Degeneration of the 0.5MG-MTO gonad (280X) on SO'^ ’ day 38
Plate 18. Degeneration of the 1 .OMG-MTO gonad (280X) on 60’  ^day 38
Plate 19a. Degeneration of the 0.5MG-MTO gonad (70X) on 80'^ day 40
Plate 19b. Spermatocytic activity in the 0.5MG-MTO gonad (280X) 40 
on 80'^ day
Plate 20a. Degeneration of the 1 .OMG-MTOgonad (70X) on 80*'^  day 41
Plate 20b. Degeneration of the 1 .OMG-MTOgonad (280X) on 80’  ^day 41
List of Plates Page No.
PREFACE
Among the fishes, the only hermaphrodites are teleosts. The male and 
female tissues coexist in the gonad of hermaphroditic fishes. In this coexistence, 
either the spermatogonia or the oogonia is kept active and proliferating: while the 
other remains dormant; sometimes both remain synchronously active also (detailed 
examples and description follow in the succeeding chapters). The occurrence of 
hermaphroditism in fishes may be of evolutionary significance, enhancing their 
propagation. Hence the study of hermaphroditism in fishes is ever interesting for a 
fish biologist.
Groupers {Epinephelus sp) are one among the several genera in which 
hermaphroditism has been studied and reported in detail by early fish biologists. In 
recent times considerable interest has been shown in the cage culture of these 
fishes. Fast growth, good meat quality and the accrued monetary benefits are the 
main reasons behind grouper culture. In South East Asian countries like Hong Kong, 
Singapore, Malaysia, and Thailand, groupers are much preferred among other food 
fishes. E.akaara is served as a delicacy in marriage feasts in Hong Kong.
Groupers are protogynous hermaphrodites i.e., they mature as females 
and later convert their sex into males. This change in sex is critical in broodstock 
management, especially regarding the maintenance of adequate numbers of male 
spawners. Acceleration of the process of natural sex reversal seems to be a better 
alternative to get functional males. Sex reversal of groupers can be induced by social 
control, feeding hormone and environmental manipulation. Among these, hormonal 
sex reversal is more practical.
Induced sex reversal of the blue-spotted grouper, Epinephelus fario 
and greasy grouper, E. tauvina was achieved by oral administration of 17-a Methyl 
testosterone. For the first time in the country, the CMFRI, Cochin has successfully 
achieved sex inversion and natural spawning in E. tauvina in the captive conditions 
(Dr.Grace Mathew, personal communication).
However, further studies are required to understand the transition of 
sex from the female to male in groupers fed with androgens. Considering the 
importance of this aspect the present study was conducted on E. diacanthus, since 
the size is small among other groupers as ideal size, which is commercially exploited 
by trawlers along the west coast of India.
1.INTRODUCTION
1. INTRODUCTION
Fishes exhibit wide diversity in sexuality such as gonochorism and 
hermaphroditism. ‘Gonochorism’ is the existence of separate sexes, which is the 
normal mode of sexuality as in higher animals. In ‘hermaphroditism’, an individual 
can be male and female simultaneously or successively in its lifetime. Atz (1964) has 
defined hermaphroditism as the existence of recognizable male and female tissues in 
the gonads of an individual. Three basic forms of hermaphroditism are reported in 
fishes; protogynous hermaphroditism in which individuals develop first as females 
and turn later into males e.g. groupers, protandrous hermaphroditism in which the 
male stage differentiates first e.g. sea bass, and synchronous hermaphroditism 
where both male and female stages coexist functionally eg. Serranus scriba. In both 
protandry and protogyny generally the largest animal in the population transforms 
into the opposite sex. It is generally assumed that the diverse sex patterns such as 
intersexuality and sex reversal in the teleosts is related to the lack of cortical and 
medullary organization in the embryonic gonad. According to Yamamoto (1969) the 
reason for hermaphroditism is that apart from the superior sex genes in the Y and X 
chromosomes, multiple sex factors existed in the autosomes. In exceptional 
individuals the superior sex genes in the sex chromosomes might be overridden by 
many opposing autosomal genes resulting in XX males or XY females.
The genus Epinephelus belonging to the subfamily Epinephelinae and 
family Serranidae, includes large food fishes commonly known as groupers, 
rockcods, hinds and locally as ‘kalava’. Most frequently groupers are found in hard- 
rocky bottoms (hence the name rockcods) within depth of 100 meters and extending 
up to 200 meters. The habitats of these fishes vary from coral reefs, estuaries and 
rocky bottoms. Groupers are demersal fishes inhabiting the tropical and subtropical 
waters of all the oceans. So far thirty eight species of groupers have been reported 
from the seas around India (Heemstra and Randall, 1993). Groupers fetch good price 
in the market, hence it forms an important component of the fisheries of the tropical 
and subtropical nations.
Groupers are protogynous hermaphrodites i.e., they mature as female 
and later transform their sex into male. Several species of groupers such as 
E.tauvina, E. malabahcus, E. fario are candidates for aquaculture because of their 
high growth rate, environmental tolerance and palatability in South East Asian 
nations such as Thailand, Hong Kong, Taiwan etc. Lack of stability in sex poses 
severe problem in brood stock development, concerning mainly the availability of 
adequate male spawners for fertilizing the eggs. To retain our aquaculture interests 
over the hermaphroditic fishes it is desirable to control their sexes. However the 
phenotypic expression of sex in teleosts is complex and cannot be generalized for ail 
the members. It is agreeable that chemical substances called sex inductors (may be 
steroids) play an important role in the control of sex in both gonochoristic and 
ambisexual fishes.
By administering androgens (17-a Methyl testosterone, testosterone, 
androstenedione etc.) orally, it is possible to overcome the above limitations in 
female groupers. These hormones accelerate the process of sex reversal from 
female to male in the protogynous hermaphrodites. Steroid treatments have been 
used successfully in several gonochoristic species in order to develop mono sex 
population (either male or female) in fish culture (reviewed by Hunter and Donaldson, 
1983) where monetary benefits are involved. Success in induced sex reversal in E. 
tauvina at the age of 3 years by oral administration of 17-a Methyl testosterone 
(17MT) through the feed was reported by Chen et a/.(1977). In E. fario sex inversion 
was achieved at the age of 2 years by the same hormone.
A study of sex reversal in the species mentioned above requires the 
maintenance of a large number of animals and it is particularly difficult because of 
their huge size and expenditure involved in their maintenance.
Even though it is generally believed that the androgens result in the 
expression of male sex alone; reports of paradoxical feminization are not uncommon 
(Nakamura, 1975). Such paradoxical feminization is very often attributed to high 
dosages of hormone. Hence in this study efforts have been made to assess an 
appropriate dosage of hormone, which induces the sex reversal of groupers and its
accompanying histological changes in the gonad as well as related aspects i.e., 
gonadosomatic index (GSI) using a smaller sized species, Epinephelus diacanthus, 
which is equally captured in huge quantities in trawls and hook and lines along the 
Indian coast. E. diacanthus Is generally called spinycheek or thornycheek grouper 
and these fishes occur at a depth of 40-100 meters along the west coast of India.
2.REVIEW OF LITERATURE
2. REVIEW OF LITERATURE
The most diverse display of sexuality is prevalent among the class 
Pisces. Fishes exhibit various patterns of sex ontogeny by which their gonad 
becomes a functional ovary or testis. Sex reversal or hermaphroditism is rare among 
the elasmobranchs, ganoids and the lungfishes. Smith (1975) has critically reviewed 
the occurrence of hermaphroditism in fishes. More recently Reinboth (1988) has 
given an insight to the physiology of consecutive hermaphrodites.
A great variety of functional hermaphroditism, both normal and 
abnormal has been found in various taxonomic groups of the teleosts. According to 
Atz (1964) normal hermaphroditism refers to those that exist in a uniform way at 
some time during the ontogeny of all or many members of a species. Chan and 
Yeung (1983) had further stated that a deviation from the normal types of 
hermaphroditism might not always imply sterility, as some abnormal hermaphrodites 
were in fact functional. Testicular tissue has been observed by Spurway (1957) in the 
ovaries of the normally gonochoristic guppy, Poecilia reticulata. The occurrence of 
spermatozoa had been reported from the ovotestis of a hermaphroditic salmon. (Atz, 
1964).
Normal hermaphroditism with or without sex reversal is known to occur 
in a number of teleost orders. Protandrous hermaphroditism has been reported in 
Ostariophysi, Polynemidae, Scorpaeniformes (Platycephalidae) and probably in 
Stomiatiformes. Protogynous hermaphroditism is found in Synbranchiformes. 
Synchronous hermaphroditism has been found in Aulopiformes and Antheriniformes 
(Chan and Yeung, 1983). Several types of functional hermaphroditism are found in 
Perciformes.
Smith (1959) had studied several members of the family Serranidae 
from the waters of Bermuda. He concluded that members of the genera Prinodus and 
Hypoplecturus to be a synchronous hermaphrodites. Among the serranids the genus
Epinephelus is considered to be protogynous hermaphrodite. Some sparids like 
Taius tumifrons and Spondyliosoma cantharus are protogynous hermaphrodites 
while Spams auratus, S. longispinis and Rhabdosargus sarba are all protandrous 
hermaphrodites. Some sort of rudimentary hermaphroditism has also been reported 
from sparids like Boops boops and Diplodus vulgaris. Dentex dentex, another 
member of the Sparidae family is a true gonochorist. Robertson (1972), Shen and Liu 
(1976) and Moyer and Nakazono (1978) have reported about the extensive 
occurrence of protandry and protogyny among the coral fishes of the families 
Scaridae and Labridae.
Hermaphroditism from Indian waters was reported by Chacko and 
Krishnamoorthy (1949) in the Indian shad, Hilsa ilisha; Prabhu and Antony Raja 
(1959) in the Indian mackerel, Rastrelliger kanagurta; Nayak (1959) in Polynemus 
heptadactylus; Raju (1960) in the Skipjack, Katuswonous pelamis; Antony Raja 
(1963) in the Oil sardine, Sardinella longiceps; Hida (1967) In Polynemids, Patnalk 
(1967) in the Indian salmon, Beutheronema tetradactylum; Kagwade (1969) in 
Polydactylus indicus and Dorairaj (1973) in the Threadfin fish, Polynemus 
microstoma.
The diverse sex patterns generally encountered in the teleosts may be 
explained by the lack of cortical and medullary organisation in the embryonic gonad 
(Chan and Yeung, 1983 and Guraya, 2000).
Dodd (1983) had studied the process of sex differentiation among 
elasmobranchs. He stated that sex differentiation in elasmobranchs essentially 
consists of the proliferation of cortex and regression of the medulla in the females 
and vice-versa in males. The regressive part (cortex in the male, medulla in the 
female) rarely differentiates further than the indifferent gonadal stage. The onset of 
sex differentiation from the indifferent gonadal stage cannot be made out in 
elasmobranchs (Dodd, 1983).
In teleosts the sexually indifferent stage may last for several years as 
observed in the European eel, Anguilla anguilla (Chan and Yeung, 1983). The centra! 
idea of Guraya (2000) that the primordial germ cells of the indifferent gonad giving 
raise to male and female germ cells needs careful consideration. The primordial germ 
cells divide into male/ female germ cells under the influence of some sex indicators 
(Witschi, 1934, 1957; D’Ancona, 1949, 1950 and Yamamoto, 1962).
Pandian and Koteeswaran (1998, 1999) were of the view that gonad 
differentiation is influenced by growth factors which are directly under the control of 
sex steroids.
The process of sex differentiation in the consecutive hermaphrodites is 
as follows; juvenile hermaphrodite-* functional female— > intersex-> functional male 
(In groupers). The gonad of a hermaphrodite bears clearly recognizable male and 
female tissues (Atz, 1964). D’Ancona (1950) believed that the gonads in teleosts 
should be considered as undifferentiated, even when oocytes are present because 
male gonocytes may not have differentiated.
From the beginning of differentiation of the gonads in ambisexual fish, it 
contains both spermatocytes and oocytes (Yamamoto, 1969). Observation by Debas 
et al. (1989) revealed that the intersex phase of the protogynous grouper, 
Epinephelus microdon resembles a return to the immature female phase indicating 
sox differentiation in progress,
Guraya (2000) believed the differentiation of the gonad to be under the 
control of external and internal factors affecting the fish and also under the genetic 
factors.
The genetic basis of the sex-reversing hermaphrodites is poorly 
understood; however some sort of genetic basis may prevail. The universal xx-xy or 
zz-zw systems of sex determination are not well established in sequential 
hermaphrodites (Chan, 1970). Moe (1969) ruled out the possibility of genetic basis of
sex determination in Epinephelus morio, a sequential hermaphrodite; while Warner 
(1975) argued that the capacity of an animal to function ambisexually is genetically 
programmed.
Several theories governing the role of chemical factors in sex 
determination have been proposed (Witschi, 1934, 1957; D' Ancona, 1949, 1950 and 
Yamamato, 1962). Chemical substances like ‘androgenine’ and ‘gynogenine’ (D’ 
Ancona, 1949, 1950) ‘gynotermone’ and 'androtermone' or ‘gynoinductor’ and 
‘androinductor’ (Yamamoto, 1962) have been proposed. Even though such chemical 
substances have not been isolated they are generally believed to be homologous 
with steroids. The male specific antigen H-Y was pointed out to play a determinative 
role in the evolution of sexes (Wachtel and Koo, 1981).
Pandian and Koteeswaran (1998, 1999) were invariably of the view that 
gonad differentiation is influenced by growth factors (proteins) which are directly 
under the control of sex steroids vyhile Reinboth (1980, 1985) strongly believed that 
the change in steroidal profiles as the major cause for sex inversion in teleosts.
Experimental evidence of Chan et at. (1975) supported the idea of 
chemical substances determining sex. He claimed gonadotropins (LH) to be 
responsible for sex inversion in the protogynous, Monopterus.
Warner et al. (1975) reported that more rapidly growing fishes change 
sex sooner than other individuals of the same age and fish that grow slowly may not 
change sex, Moe (1969) felt that the process of sex reversal is more connected with 
the spawning activity than with the age or growth of a species. Moe (1969) 
mentioned that sex reversal takes place “under conditions of over crowding and food 
scarcity, numerous individuals may be induced to transform during the critical ages of 
7- 12 years. Since each transformation is equivalent to the death of the female, the 
effect of transition may be sufficient to alter the reproductive potential of the 
population.”
Frequent sex reversions (secondary males converting into females) 
observed by Debas et al. (1989) suggest that some form of social control exists 
among protogynous hermaphrodites. The sex inversions and reversions may go on 
for a period of time until the sex ratio reaches 1:1 (Debas et al., 1989).
Yamazaki (1976) underlined the essential role of the fish endocrine 
system and other nervous and genetic factors in controlling the gonad differentiation 
and maturation.
The normal pattern of gonadal development in teleosts can be changed 
with the administration of hormones or by other suitable physiological disturbances 
(Fostier et al., 1983). Experiments conducted on some gonochoristic species 
[Oryzias latipes) revealed the capacity of steroids to control sex (Yamamoto, 1969). 
The administration of oestradiol to the larvae produced 100% females in Yamamoto’s 
experiments. The successful experimentation of steroids over gonochorists had 
raised hopes of such sex control in ambisexual fishes.
In his experiments with the silver eel D’ Ancona (1948) could 
successfully sex reverse the differentiated male by administering estradiol. The 
susceptibility of teleostian gonad to chemical substances in general and sex steroids 
in particular appears certain.
Chan and Philips (1969) and Colombo et al. (1972) had observed a 
higher androgen to oestrogen ratio in vitro in the male phase of Monopterus albus 
and Sparus auratus. Attempts were made by Debas et al. (1989) to correlate the sex 
steroid profiles with the various stages of sexuality in the protogynous grouper E. 
microdon. He encountered similar levels of testosterone and estradiol in all types of 
sexualities (female - intersex and male). The intersexual stage of the fish appeared to 
be characterised by a decrease of 11-ketotestosterone and a rise of 11 (3-hydroxy 
androstenedione (Debas etal., 1989).
In general groupers lack secondary sexual characteristics. As they are 
protogynous, it can be assumed that sex is a function of age and size (body length 
and weight). Debas et al. (1989) adopted weight as a better criterion because of its 
versatility to distinguish presumptive sexes. The age and size at which the groupers 
undergo sex reversal vary with the species.
Renu et al. (2002) reported natural sex reversal of Epinephelus 
malabaricus in 26 month old individuals and functional males were 34 months old 
weighing around 5.0 Kg. Epinephelus tauvina matured at 3 years and sex reversed at 
7 years of age (Tan and Tan, 1974).
Sex reversal has been controlled hormonally (Yamamoto, 1962), 
environmentally (Harrington, 1971) and socially (Fishelson, 1970; Robertson, 1972 
and Ross, 1990).
Successful results of induced sex reversal by means of oral 
administration of Methyl testosterone (MT) for several consecutive months have been 
reported for E. tauvina (Chen ot al., 1977^ ), E.akaara (Tseng and Ho, 1988) and £  
fario (Kuo et al., 1988).
E. malabaricus weighing more than 5.0 kg may have some part of their 
ovaries changing to testicular tissues already. These fishes could be induced to male 
broodstock by using 17-a Methyltestosterone (Pakdee and Tantavanit, 1985; 
Julavittayanukul et al., 1985;Rattanachot and Pakdee, 1986; Chen et al., 1977 and 
Kuo et al., 1988). The suitable time to induce sex reversal is out of spawning season, 
so that functional males will be obtained in the next spawning season.
Tessy (1994) had reported that Epinephelus diacanthus matured mostly 
around 166 mm SL; undergo sex inversion from 34 month onwards measuring 
230mm-310mm in standard length. The occurrence of males increased progressively 
as one moved above 270mms suggesting sex reversal in progress.
At a particular point of time in the natural population the occurrence of 
female sex outnumbers male in groupers. This is because apparently the gender of 
an animal is a function of age/ size, suggesting larger males and smaller females.
The idea of sex steroids determining the sex of an individual is still 
accepted (Reinboth, 1980, 1985). Hence it is widely believed that by increasing the 
relative concentration of androgen/ estrogen in an undifferentiated, intersex species 
the desired sex can be produced.
Studies on the cell and molecular biology of development and sex 
differentiation of fish gonads are of great current interest because sex steroids added 
to the water or food are found to reverse or sterilize the gonads of the fry, either 
because one sex has greater economic value or because high population densities 
produce smaller or less valuable fish (Hunter and Donaldson, 1983).
Endocrine control of sex differentiation was initially conducted on 
ornamental fishes like the Medaka, Oryzias latipes in 1950’s and 1960’s (Yamamoto, 
1969). Sex steroids (androgens/ estrogens) are useful in obtaining the desirable sex 
in tilapia and salmons (Donaldson, 1996).
Currently male tilapia is produced by the oral administration of 17 a- 
Mothyl tostostorono at a rate of 30 -  60 mg/Kg feed to newly hatched tilapia fry (7 -  
12 days old, 9 - 1 1  mm TL, 10 -  15 mg total weight). Feeding with 17 a - Methyl 
testosterone for a period of 21 -  28 days result in 95% males (Shelton et a i, 1978; 
Tayamen and Shelton, 1978). F-eeding of the fry is synchronized with period of sex 
differentiation and done only till the 28’^  day (Bartholomew, 2000). Administration of 
17 a - Methyl testosterone to produce all -male population is the most practicable 
technique (Pandian and Varadaraj, 1987).
The desired hormonal action depends mainly on the efficacy of the 
steroid, as well as the dose, method of administration and time and duration of 
treatment for the tilapias (Shelton et a i, 1978). The dosages of hormone is very
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critical in sex control, as low doses of androgen induce masculinization and high 
doses result in paradoxical feminization (Piferrer and Donaldson, 1991), and high 
doses if administered over a long period of time may result in sterilization (Piferrer et 
a i, 1994) of salmon alevins.
Piferrer and Donaldson (1991) had compared the efficiency of several 
androgens. They claimed that testosterone is ineffective in inducing masculinization, 
than 11- ketotestosterone which is very effective. The non- aromatizable synthetic 
androgen 17a- Methyl testosterone is capable of inducing masculinization without 
paradoxical feminization (Piferrer and Donaldson, 1991). However paradoxial 
feminization was observed in some cichlids treated with 17a- Methyl testosterone 
(Nakamura, 1975).
As groupers are protogynous, the male grouper can be obtained by 
accelerating the process of sex reversal of bigger matured females by oral 
application of methyl testosterone at a dosage of Img/Kg for a period of about 2 
months (Ratanachot and Pakdee, 1986 and Ruangpanit et a!., 1988). Kuo et al. 
(1988) had reported successful sex reversal and spermiation of under 2 year old 
Epinephelus fario (blue spotted grouper). Mature males were obtained successfully 
by feeding 17a- Methyl testosterone at 0.5 mg/Kg and 1.0 mg/Kg. However implants 
of testosterone in Thalassoma bifasciatum failed to induce sex reversal of females 
(Kramer et a i, 1988).
The above review will show that experimental studies on sex reversal of 
groupers in India are very few.
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3.MATERIALS AND METHODS
3. MATERIALS AND METHODS
The fishes, E. diacanthus ( plate 1 ) that occur fairly in good numbers in 
the Cochin area formed the study material for this experiment. The fish samples were 
collected from the catches landed at the Fisheries harbour; Murukumpadam, Cochin 
(India) and live fishes were collected from the trawl boats operated along the Kerala 
coast by local fishermen.
3.1 COLLECTION OF FISHES FROM WILD AND THEIR 
OBSERVATION
The smaller sized dead specimens (ranging from 118 - 214 mm. SL) of 
E. diacanthus were collected and examined in detail to study the existence, shape 
and arrangement of the gonads. Local fishermen, who were onboard the trawlers 
were clearly instructed to bring fresh and properly iced specimens to avoid chances 
of degradation.
The fish sample brought to the harbor were transferred into an icebox 
and then carried to the CMFRI hatchery complex for further studies. In the laboratory 
the total length (TL), standard length (SL) and the corresponding weight (W) of the 
specimens were measured. Alter recording the morphometric characters, the fishes 
were dissected out with a sharp scalpel. The visceral organs were pushed apart to 
observe the presence of the underlying gonad. After examining the gonad, a small 
piece of it was cut and teased over a slide to observe the sex of the animal (Guerrero 
and Shelton, 1974) under the microscope.
3.2 COLLECTION OF LIVE ANIMALS
E. diacanthus occur mostly at depths of 40 m along 9° 46.18’ N and 75° 
59.05' E off Cochin. Fishes were brought from the trawlers having a Length Overall 
(LOA) of 15.6 m and a beam of 4.5 m. The trawlers were fishing mainly for anchovies 
and sardines in April. Each fishing trip lasted for 36-48 hours.
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Plate 1. E.diacanthus used in the 
experimental study.
Plate 2. Expenmental setup of the present study
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The fishermen, who were specially briefed about the task, sorted out 
live E. diacanthus that occurred in the trawls, and healthy, uninjured fishes were 
selected and transferred into a 200 L (0.78 x 0.50 x 0.51 nn) FRP tank, filled with sea 
water. The tank water was aerated by battery-operated aerator. Before leaving the 
fishes into the tank their swim bladder was punctured with a sharp sterile needle 
because these fishes live in greater depth and under pressure. The fishes were 
maintained in the FRP tanks for nearly 36-48 hrs while the trawlers were sailing 
towards the landing centre at the Murukkumpadam fishing harbour of Cochin. The 
arrival of the trawler at the fishing harbour was communicated through a mobile 
phone to our team. From the Harbour the live fishes (approximately 60 Nos.) were 
transported by the Institute’s jeep in the same tank with aeration to the Hatchery 
complex of the CMFRI, wherein their length and weight were recorded. They were 
given a formalin dip treatment for 5 minutes at a concentration of 250 ppm., before 
releasing them into the experimental tanks (1 control and 2 experimental tanks).
3.3 SETTING OF BIOLOGICAL FILTERS IN THE TANKS
The experimental Innks used were of 5 tonne capacity,rectangular in 
shape and made up of FRP. The lanks had a length of 2.5 m, breadth of 1.6 m and 
height of 1.5 m. Four such tanks were set side by side in the experimental site.
The experimental tanks were provided with built in biological filters. 
Cuttlefish bones, charcoal, gravel and river sand were used to set up biological filters. 
Cuttlefish bones were taken and washed thoroughly to remove the adhering meat 
particles. The shell pieces were then sun-dried to a crispy texture. The Cuttlefish 
bones were then broken into smaller pieces and stored in containers until further use. 
Charcoal, baby metal granite pieces and river sand were also thoroughly washed to 
remove all the adhering dirt, mud and clay particles. The washed materials were then 
sun-dried and stored in gunny bags for preparation of the filters.
Perforated PVC pipes of 1.25” diameter were arranged diagonally over 
the bottom of the experimental tanks with airlift pipes emerging from the corners. Air
diffusers were suspended inside the airlift pipes to bubble out the filtered low 
ammonia containing seawater.
Over the diagonally arranged pipes, calcareous shells (cuttlefish bones, 
oyster shells and some clam shells) were filled to a height of 16 cm, followed by a 
layer of charcoal to a height of 6 cm. A mosquito net was spread above the charcoal 
layer. Dry Granite pieces of %" diameter was spread over the mosquito net till a 
height of 6cm.This layer was again sealed off with mosquito net to accommodate a 
forthcoming layer of river sand to a height of 6 cm.
Seawater from Manassen was brought with the help of tankers and 
stored in 30 t RCC tanks of the hatchery complex for 10 days. The settled, sediment 
free seawater was pumped inside the experimental tanks for housing the fishes.
The water in the tanks was kept under circulation for nearly a month to 
mature the filter bed. In each tank 12 fishes were released, having approximately 
equal length and weight distribution (106-184 mm. SL and 50-120 gm) respectively. 
Apart from the three experimental tanks one tank was set aside to house the 
remaining fishes for further studies. The tanks were named according to the hormone 
concentration fed to the fishes.
Control - MTO 
0.5 MG -  MTO
1.0 MG- MTO
All the tanks were covered with a dark cloth to avoid excess light and 
the fishes were acclimatizec] for a week to the hatchery conditions. The fishes were 
also trained to take forniulalod lood.
3.4 FEED FORMULATION
A formulated feed was prepared for the groupers with the locally 
available ingredients as given below;
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INGREDIENTS PERCENTAGE(%)
Fish meal 25
Shrimp meal 20
Squid meal 10
Ground nut oil cake 12
Rice bran 8
Wheat flour 20
Tapioca flour 4.5
Cod liver oil 0.5
Total 100.0
All the ingredients excluding the Cod liver oil were thoroughly mixed 
well using a Mixer. Tap water of 80 ml was sprinkled over the components and finally 
mixed well to make into a dough. The ingredients were cooked in free flowing steam 
for 15 minutes inside a pressure cooker and the ingredients were left undisturbed 
after cooking. In the meantime 5 gms of agar (bacteriological grade) and 1 gm of 
gelatin (bacteriological grade) were mixed thoroughly in 80 ml of tap water and boiled 
well for 5 min. The molten agar cum gelatin was poured over the cooked dough and 
mixed thoroughly. Agar and gelatin was used as binders. Cod liver oil was added 
finally. The feed was prepared for every 15 days.
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The quantity of MT to be added to the feed was calculated by taking 
into account of the actual biomass of the experinriental fishes in each group. The 
biomass was recalculated at frequent intervals to account for the changes caused 
due to sample removal.
3.4.1 Incorporation of 17a- Methyl testosterone
The food thus prepared was divided into three parts to mix the hormone 
{Moc methyl testosterone) in different concentrations (0.5 mg/kg body weight and 
1 mg/kg body weight). The Methyl testosterone used for this experiment was 
purchased from Acros Organic laboratories, Belgium.
3.4.2 Feed of 1 mg. 17MT concentration
The biomass of the fishes to be fed with 1.0 mg MT conc. was 955gms. 
The requirement of MT was calculated for each day of feeding and accordingly feed 
for 15 days was prepared. For this 0.955 x 15 mg of 17 - a Methyl testosterone was 
weighed carefully in Mettler balance (microgram accuracy) and then mixed well with 
25 ml of rectified spirit. The alcohol dissolved methyl testosterone was then atomized 
(to one portion of feed) to homogeneously distribute into each particle of the feed.
3.4.3 Feed of 0.5 mg. 17MT concentration
The biomass of the fishes to be fed with 0.5 mg MT conc. was 1230 
gms. The requirement of MT was calculated for each day of feeding and accordingly 
feed for 15 days was prepared. For this 0.615 x 15 mg of 17-aMethyl testosterone 
was weighed in a Mettler balance and mixed well in rectified spirit. The resultant 
mixture was atomized (to the second portion of feed) using a sprayer over the dough.
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3.4.4 Control - MTO
The biomass of the fishes to be fed with controi feed was 1100 gms. 
The control feed (the third portion) was sprayed with an equal quantity of rectified 
spirit with a sprayer.
The feed in the form of dough was then dried inside an oven at 60°Cto 
evaporate the sprayed alcohol. After drying the feed, everyday ration was weighed 
separately in a series of polythene bottles and labeled to mark the respective tanks to 
be fed. The bottles were stored in a deep freezer at -8°C. The estimated moisture 
content of the formulated feed was 44%.
3.5 FEEDING
Everyday the feed was taken out of the freezer and kept outside for 
some time to reach the room temperature. The feed taken out was rolled into strands 
of approximately 3-4 mm diameter and broken down into small pieces to be fed to the 
respective tanks. Fishes were fed at 2% of their body weight. Feeding was done 
regularly at 1030-1 100 hrs daily according to the fish biomass, except on Sundays. 
The quantity of feed given was recorded daily.
3.6 MAINTENANCE OF WATER QUALITY
Salinity and temperature of the sea water in the experimental tanks was 
checked o n ce  a d a y  a t peak hours (1500 hrs). Salinity of the experimental tanks was 
m ainta ined at 32 ppt., throughout the experimental period (April 2002 to June 2002).
Water quality parameters like dissolved oxygen, ammonia and pH were 
checked once in a week. Dissolved Oxygen (DO) was estimated using modified 
Winkler’s method; ammonia (NH3) was estimated by phenol hypochlorite method 
(Zolarzano,1969) and pH was checked by a pH meter (Mettler Tolledo) .The 
optimum water quality followed for the maintenance was as follows:
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Salinity - 32 ppt.
Dissolved oxygen - >6.0 ppm 
Ammonia - <0.01 ppm 
pH -7.8±0.2
3.7 SAMPLING PROCEDURE/ PROCESSING
On preplanned, periodical intervals from the start of the experiment, two 
fishes from each tank, were caught randomly and sacrificed to assess the effect of 
the androgen 17-aMT on the sex-reversal of the fishes. The following parameters 
were taken before sacrification;
Total Length.
Standard Length.
Whole weight
Eviscerated weight
Length between nose and operculum
Length between dorsal and pelvic fins (after Debas et al.,
1989)
The weight of the gonad was noted down to calculate the 
Gonadosomatic index (GSl). The gonads were then finally fixed in Bouin’s fluid for 
histological studies. Fixation was carried out for 24 hrs.
The fixed gonads were taken and washed thoroughly in running tap 
water to remove traces of picric acid. Dehydration of the tissues was done in 
ascending grades of alcohol 50%, 70% and 90% and finally given three changes in 
absolute alcohol for 6 hrs.
Clearing was carried out for three hours in Chloroform with two 
changes. Finally the tissue was impregnated with molten wax at 60°C for 6 hrs with 
three changes. Finally the tissues were embedded in paraffin.
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The sections wore cut at thickness of 5 in a rotary microtome. 
Sections were stained with haomatoxylin-eosin and mounted in DPX. The slides were 
observed under light microscope to see the gonadal changes.
3.8 EXPERIMENTAL PROTOCOL
The main objective of the experiment was to study in detail the sex 
reversal of the immature female E.diacanthus into male by oral administration of 17<x 
- MT using two dosages of 17« - MT to find out the optimal dosage, required for 
complete sex reversal. To achieve the objective, the experiment was arranged as 
follows:
The groupers maintained in the tanks were sacrificed periodically to 
study in depth, the change in gonad morphology and histology and to assess the 
progress in sex inversion. Exporirnenlal fishes were sampled on the 25*'^ , 40’ ,^ 60th 
and 80*" day from the start ol tho experiment, as described below:
As a preliminary study on the 25"" day one fish from each tank was 
sacrificed. For subsequent histological observations (on the 40’'^  and 60‘  ^ day) 2-3 
experimental fishes of uniform sizes from each of the experimental tanks were caught 
in a hand not carefully and transferred to 25 litre volume buckets. Finally on the 80*^  
flay only fishes from the treatment tanks were sacrificed to assess the changes in 
(jijiiailal tiistuloyy. The bucluMs wore marked Control-MTO, 0.5 MG-f\/lTO and 1.0 
fvlG-MTO, to identify fishes appropriately.
The fishes caught were killed by a sudden blow over their head. The 
morphometric characters wero Ihen carefully recorded. The fishes were dissected to 
separate the gonads and they were scanned under dissection microscope (10X, 
Leica model) to understand tho morphology. A piece of gonad was fixed in Bouin’s 
fluid for histological studies. Tho histological slides of the gonadal samples from the 
two fishes were compared to tho results of the gonads.
The classification by Kuo et al. (1988) was followed to study the 
gonadal developmental classes of the sacrificed experimental fishes.
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Gonadal development 
classes
Description
1.
Gonadal tissue primarily of female germinal cells, 
predominantly previtellogenic oocytes. This stage 
includes chromatin-nucleus and peri-nucleolus stages.
2.
Oocytes at yolk vesicle stage appear, but those at peri- 
nucleolus stage predominate in the ovarian tissue 
indicating the commencement of vitellogenesis.
3.
Oocytes at the late phase of yolk vesicle predominate in 
the ovarian tissue. However yolk granule (vitellogenin) 
deposition in oocytes is evident.
4.
Ovarian tissues fully developed and consist of oocytes at 
yolk globule stage. The ovary is notably enlarged and 
GSI exceeds 2.0
5.
Ovary consists of oocytes at various phases of 
vitellogenesis, but atresia of vitellogenic oocytes is 
evident to varying extent.
6.
Beginning of sex transition, primary oocytes remain; 
spermatogonia begin to appear among the ovarian 
tissue.
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7.
Artesia of primary oocytes and spermatogenesis are both 
progressing, testicular tissue becomes the dominant 
constituent of the gonadal structure.
8.
Large numbers of spermatogonia and spermatocytes but 
a few oogonia are present.
9.
Testicular development in the resting phase of 
spermatogenesis; few oogonia are evident.
10.
Spermatogenesis progressed to spermatids and 
spermatozoa phase. The tissue shows strong basophilic 
nature.
11.
Testis is greatly reduced in size and the spermatozoa 
ejaculated.
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4. RESULTS
4. RESULTS
4.1 ENVIRONMENTAL PARAMETERS
Jn the present experiment on the grouper, E. diacanthus, the 
environmental parameters observed during the study period (April 2002 to July 2002) 
are as follows. The temperature ranged from 28.2 - 30.5*C in the experimental tanks. 
The dissolved oxygen ranged between 6.2 ppm - 7.1 ppm. Ammonia ranged between 
0.01 to 0.18 ppm and p^ was found to vary from 7.65 to 8.16. The salinity was 
maintained always at 32 ppt.
4.2 OBSERVATIONS ON THE FEEDING BEHAVIOR OF
E.DIACANTHUS
The well developed big eyes of the groupers is an indication that the 
groupers feed by sight. During feeding, the groupers congregate near the feeding 
spot and they eagerly devoured the feed offered.Majority of the groupers gulped the 
feed while in the water column itself.However some particles which settled at the tank
bottom were also eaten by some fishes.
4.3 MORPHOLOGICAL AND HISTOLOGICAL DETAILS OF THE 
GONADS OF THE WILD COLLECTED GROUPERS (Table - I gives the 
details of the fishes collected from wild).
The freshly dissected gonads from the wild specimens (1 1 8 -2 1 4  mm 
SL) were off-white in colour. The two lobes were clearly seen and were unequal in 
size. These gonads taken from the wild specimens were examined by the 
acetocarmine squash method (Guerrero and Shelton, 1974). The results showed all 
of the examined fishes to be females in the immature phase thus confirming the 
protogynous nature of E. diacanthus.
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Table 1
Morphometric data collected from E.diacanthus ^or preliminary examination of 
sex using acetocarmine squash method:
S I. No. TL (mm) SL (mm) W (g) Sex
1 244 199 176 0
2 234 190 141 ?
3 209 170 94 ?
4 236 191 170 ?
5 253 205 173 ?
6 238 191 156 ?
7 226 183 122 ?
8 223 184 115 ?
9 218 178 109 ?
10 311 153 382 ?
11 279 118 298 ?
12 226 183 135 01
13 256 191 145 9
14 272 214 261 'r
15 281 126 280 9
W h c i c ,
r i , =  Total  length in m in  
S I .  =  S tand ard  length in n i m  
\V =  W e i g h t  in gm  
1 cm ale sex
The bilobed gonads were placed towards the posterior part of the 
abdominal cavity. The right and left lobes of the gonad were unequal in their sizes. 
The gonads were connected to the swim bladder, by the mesenteries and lie below it. 
The two lobes of the ovary join posteriorly and descend as oviduct and finally open to 
the exterior as genital pore.
4.3.1 H isto logy o f the p ro to gyn o u s  gonad
In histological sections the wall of the gonad is covered externally with a 
peritoneal layer. Longitudinal, oblique and circular muscle fibers were seen, within 
the tunica albuginea spread bolow the peritoneal layer. The lumen of the ovary is 
lined with germinal epithelium, which forms the surface layer of a series of folds or 
Inmellae. The oocytes in their initial phase of development extend around the lamella 
(plate 3).
4.3.2 M aturity  s tages o f the gonad o f the w ild  s tock
Histological sections of the gonads of the wild specimens revealed 
oocytos in the following stages of maturity.The gonads were in gonad development 
classification of class 1 stage (Kuo eta/., 1988).
4.3.3 Stage I of o o cy te  deve lopm ent
Stage I oocytes were in chromatin -  nucleus stage. The oocytes measure 
28 -  33 /;m in size. The cytoplasm of the oocyte is strongly basophilic and had taken 
up stain unevenly. A large nucleolus is present in the centre of the nucleus. Nuclear 
margin is not clearly defined. Stage I oocytes predominated in the ovarian lamellae
(plate 4).
'x:- S > U '  •  %
Plate 3. Histology of the E.diacanthus gonad (100x)
Plate 4. Maturity stage of the natural specimens (400x) CN-Chromatin-nucleus, PN-Peri-nucleolus
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4.3.4 Stage II o f o ocy te  deve lopm en t
A very few stage II oocytes in peri - nucleolus stage were also seen in the 
maturing gonads. Their diameter ranged between 42 - 70 /vm in size. More number 
of nucleoli were present in the perinucleolar stage and were arranged along the 
periphery of the nucleus. A follicular membrane surrounded the oocyte
(plate 4).
Oocytes in the yolk vesicle stages were not seen. Stage I and Stage II 
oocytes were arranged along the periphery of the ovigerous lamella. The presence of 
stage I and stage II oocytes in the gonad of the wild specimens indicate that 
vitellogenesis had not commonced and that, wild specimens were immature at the 
start of the experiment.
4.4 MORPHOLOGICAL AND HISTOLOGICAL DETAILS OF THE 
GONADS OF THE EXPERIMENTAL FISHES SACRIFICED DURING 
THE l"‘ SAMPLING (25“’ DAY OF THE EXPERIMENT).
(Table II gives the details of sampling of the experimental fishes; Table III gives the 
relative amounts of hormone accumulated by the fishes through the feed. )
Control -  MTO
On the 25"' day, the gonad of the control diet fed fishes appeared small, 
but supple and rounded externally. The gonadosomatic index was 0.0340. The 
gonads were dull white and resembled the gonad of a wild specimen, in sections the 
ovarian lamellae were observed having clusters of developing oogonia. The 
cytoplasm of oogonium took light haematoxylin and nucleus stained brightly. The 
oogonia measured 8 pm. Clusters of oogonia were seen developing. The gonadal 
lamellae were seen clearly. The histology of the gonad revealed it to be in the 
immature stage. Oocytes in chromatin -  nucleus and peri - nucleolus stages were 
absent. The observations revealed that the gonads were differentiating into ovaries 
and were in their primary stages of development (plate 5).
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Table III
Relative amounts of hormone accumulated through feed in
the experimental E.diacanthus
Sampling Control-MTO 0.5MG-MTO 1.0 MG-MTO
1 Sampling 25*'' day - 9.9 mg 19.1 mg
II Sampling 40' '^ day - 14.5 mg 29.1 mg
III Sampling 60"' day - 21.2 mg 44.8 mg
IV Sampling 80’'' day - 30.7 mg 63.8 mg
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Plate 5. Oogonia developing in the control gonad on 25‘^  day (100x) OG-Oogonia (Imnnature gonad)
Plate 6. Degeneration of the 0.5MG-MTO Plate 7. Degeneration of the 1 .OlVIG-MTO 
gonad (400x) on 25" day gonad (400x) on 25" dayGonadal class 7 Gonadal class 7
DO-Degenerating Oocytes 
SM-Spermatogonia
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The gonads of the experimental fishes looked thin and emaciated 
extemally. The roundish appearance had changed and the color turned light pinkish. 
On the 25'^ day the total amount of 17-0 MT administered, as calculated was 9.9 
mg/kg body weight (BW). The gonadosomatic index was 0.027. A surprisingly clear 
degeneration of the female ovary to the testes was seen even in examinations under 
low power (100X). Most part of the gonad had regressed. Degenerating oogonia 
could also be observed, showing the process of sex reversal. Highly basophilic 
spermatogonia were seen developing in the gonads. A clear transformation of the 
female gonad to male testes was visible very clearly. In conclusion histological details 
showed very clearly (he induction of the process of sex reversal even in a short 
period of 25 days of treatrnont The gonads were in gonadal development class 7 
(vide., Kuo et ciL, 1988 )( plate G).
1.0 MG- MTO:
The m orphology of the gonads resembled the gonads of 0.5 MG- 
MTO.The gonads looked shrunken and narrow and were light pinkish in colour. On 
the 25’’' day the total amount of 17- a MT administered as calculated was 19.1 mg/kg 
body weight. The gonadosomatic index was 0.030. The gonadal transition from 
female to male as seen in 0.5 MG-MTO was observed here also. Highly basophilic 
spermatogonia and some developing spermatocytes were also seen. The gonads 
were in gonad developm ent class 7 ( vide., Kuo et al., 1988 ) (plate 7).
In short, the gonads of 0.5 and 1mg treated fishes sampled on the 25'^ 
day looked similar histologically. The only difference was that the 0.5 MTO had very 
few regressing oocytes whereas in 1 MG- MTO comparatively more oocytes were 
seen.
0.5 MG-MTO
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4.5 MORPHOLOGICAL AND HISTOLOGICAL DETAILS OF THE 
GONADS OF THE EXPERIMENTAL FISHES SACRIFICED DURING 
2"^  ^SAMPLING (40'^ DAY OF THE EXPERIMENT)
Control- MTO
The gonad of the control group was off- white in colour, soft in texture 
and roundish in appearance. The gonad was slightly bigger in size ( plate 8).
The mean gonadosomatic index of the fishes was 0.0605. The size of the 
oocytes ranged from 32- 42 //m. Oocytes were in chromatin nucleus and peri - 
nucleolus stages (plate 9). The developing oocytes were arranged along the 
periphery of the gonadal lamellae. The gonad was in the previtellogenic stage and 
had advanced a little in maturity.The gonad was in gonad development class 1 
( vide., Kuo et al., 1988 )
0.5 MG- MTO
The gonads of the treated fishes were shrunken and appeared very thin 
(plate 10). The gonad was extensively connected by the mesenteries to the swim 
bladder. It was very difficult to identify and to separate the gonad from the swim 
bladder. Arrays of blood vossols emerging from various directions and flowing 
towards the gonads were seen in the abdominal cavity of the dissected fish. The 
periphery of the treated gonad was slightly pinkish white in colour; while the central 
portion of the gonad continued to be off white.
The amount of hormone fed to the fishes had risen to 14.5 mg/kg BW on 
the 40’'^  day. The gonadosomatic index of the sacrificed fishes was 0.0145. Atretic 
oocytes were totally absent. Spermatocytes were observed and stained brightly with 
haematoxylin and exhibited clear margins (plates 12a and 12b). The sections of the 
gonad taken on the 40"" day showed that sex reversal was almost complete even 
though functional reversal is yet to take place.The gonads were in the gonad 
development class 8( vide., Kuo et al., 1988 ).
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Plate 8. Roundish gonad of the 
control on 40^  ^day(100x)
Plate 9. Oocytes developing in the control-MTO 
gonad (400x) on 40*^  day.
Gonadal class 1
Plate 10. Shrunken gonad of 
0.5MG-MTO on 40'  ^day(100x)
Plate 11. Shrunken gonad of 
1.0MG-MTO on 40‘^  day(IOOx)
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Plate 12 a. Spermatocytes developing 
in the 0.5MG - MTO gonad (100x) 
on 40" day. 
SP-Spermatocytes
Plate 13 a. Spermatocytes developing 
in the 1.0MG - MTO gonad (lOOx) 
on 40" day.
SP- Spermatocytes
Plate 12 b. Spermatocytes developing 
in the 0.5MG-MTO gonad (400x) 
on 40" day. 
SP-Spermatocytes
Plate 13 b. Spermatocytes developing 
in the 1.0MG-MTO gonad (400x) 
on 40*^  day. 
SP-Spermatocytes
Gonadal class 8
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The gonads were shrunken, thin and resembled 0.5 MG-MTO gonads 
(plate 11). In this treatment also the separation of the gonad from the swim bladder 
was difficult.
On the 40’'' day the total hormone administered to the fishes was 29.1 
mg/kg BW. The mean gonadosomatic index of the fishes was 0.0258. Spermatocytes 
had taken up haematoxylin uniform ly and appeared reduced in their sizes, showing 
that possibly they are secondary spermatocytes. Clusters of spermatocytes could be 
seen (plates 13a and 13b). Atretic oocytes were absent. The gonads were in gonad 
development class 8 (vide., Kuo ot at., 1988 ).
4.6 MORPHOLOGICAL AND HISTOLOGICAL DETAILS OF THE 
GONADS OF THE EXPERIMENTAL FISHES SACRIFICED DURING 
THE 3^  ^ SAMPLING (60"’ DAY OF THE EXPERIMENT)
Control -  MTO
Control gonads wore off white in colour and remained round and bulgy 
(see plate 14), They could be located much easily within the abdominal cavity; 
separation of the gonads from the swim bladder was also easier. Not much of a 
change was soon in the gonad on the CO"' day. The gonadosomatic index of the 
sacrificed fishes was 0.0363. The gonad was in the gonad development class 1 
( vido., Kuo et a!., 1988 ).
Histology of the gonads showed that oocytes were in the first and second 
stages of development as seen in the ovary observed on the 40’  ^ day. No further
progress in oogenesis was observed.
1 MG-MTO
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Plate 14. Roundish gonad of the control on eo’" day (100x)
1.0MG-MTO
Plate 15. Shrunken gonad of Plate 16. Shrunken gonad of 
0.5MG-MTO on 60‘^  day (1 OOx) 1 .OMG-MTO on day (1 OOx)
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The morphology of the treated gonad was similar to that of the 
previously sampled fishes taken on the 40'^ day (plate 15). There was not any 
noticeable change in the m orphology and appearance of the gonads. On the 60'^ day 
the total amount of fvIT adm inistered as calculated was 21.2 mg/kg BW.The 
gonadosomatic index of the fishes was 0.0197.
A notable observation on the histology of the gonad in the specimen 
treated with 0.5 mg MT was the marked and progressive degeneration of the ovary. 
The degenerative changes wore characterized with an increase in fibrous like 
material, an abundance of small eosinophilic cells and vacuolated areas. Such a 
tissue pervaded the entire gonad replacing areas formerly occupied by oocytes. An 
abundance of flattened and spindle shaped cells was visible. However 
spermatogenic tissue was also prevalent in less number of pockets, (plate 17). The 
gonad was in gonad development class 8 ( vide., Kuo et el., 1988 )
1.0 MG- MTO
The morphology and histology of 1 mg treated gonad was very similar to 
that of the 0.5 mg- MT treated specimen (plate 16 and 18).
0.5 MG-MTO
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Plate 17. Degeneration of the 0.5MG-MTO 
gonad (280x) on 60''day 
Gonadal class 8 
SP-Spermatocytes 
D -D egeneration  of the ovarian tissue
Plate 18. Degeneration of the 1.0MG-MTO 
gonad (280x) on 60'^  day 
Gonadal class 8 
SP-Spermatocytes 
D -D egeneration  of the ovarian tissue
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4.7 MORPHOLOGICAL AND HISTOLOGICAL DETAILS OF THE 
GONADS OF THE EXPERIMENTAL FISHES SACRIFICED DURING 
THE 4'" SAMPLING (80"’ DAY OF THE EXPERIMENT)
Before closing the oxperirnents a few fishes from the 0.5mg and 1mg M l 
treated tanks were sacrificed and the gonads processed for histology. The details 
are given below:
0.5 MG-fHTO
The gonads appeared shrunken and em aciated and were sim ilar to that 
of the previous sampling. On the 00"' day the MT fed to the experimental fishes as 
calculated was 30.7mg/kg BW .Tho gonadosomatic index of the fishes was 0.013. 
Histologically the gonad appeared alm ost sim ilar to the gonad observed on the 60'^ 
day. The dogenoration process greatly increased to such a point that the eosinophilic 
s ta in ing  cells occupied along with vacuolated areas. Few pockets of spermatogenic 
t i s sues  wore also ot^servod. (plate 19a and 19b). The gonads were in gonad 
development class 8 ( vide., Kuo ot al., 1988 )
1 MG- MTO
The gonad of the fish treated with I mg MT was exactly like the gonad
t ronto f j  w i t h  0,5 mg fVIT.
However the observation to tie stressed is that the functional maturity of the 
transformed gonad i.e., testes had not been attained even on the 80 day. 
Spermatids and spermatozoa were absent and the spermatogenic activity was 
localized in small pockets (plate 20a and 20b). The gonads were in gonad 
develoment class 8 (vide., Kuo ot al., 1988 ).
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0 ,5 .M 6 - M ^
Plate 19 a. Degeneration of the 0.5MG-MTO  
gonad (70x) on SO^'day 
Gonadal class 8 
SP-Spermatocytes
. 1 ^
Plate 19 b. Spermatocytic activity 
in the 0.5MG-MTO gonad (280x) on 80‘'day 
Gonadal class 8 
SP-Spermatocytes
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1,^  ^  ‘ ^  ^ * tv *- '
^ M % fP
Plate 20 a. Degeneration of the 1.0MG-MTO  
gonad (70x) on 80'" day 
SP-Spermatocytes
• r P T  # 1 ,
Plate 20 b. Degeneration of the 1.0MG-MTO  
gonad (280x) on 80*'day 
Gonadal class 8 
SP-Spermatocytic activity
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4.8 CHANGES OBSERVED IN THE GSI OF THE EXPERIMENTAL 
FISHES
Figure .1 depicts the GSI observed in the experimental fishes during the 
tenure of the experiment. The GSI of the fishes fed on the diet of Control -  MTO was 
always higher than that of the MT fad fishes. The lower values of GSI observed in the 
hormone treated fishes in comparison to the values of the control group is an 
additional proof to show the progress of degeneration of the ovarian tissue and the 
initiation of the male tissues. It may also be reasonable to interpret that the 0.5 mg 
MT dose is better in comparison to 1.0 mg MT in terms of its efficacy in inducing sex 
reversal.
The GSI of the 0.5 MG-MTO remained lower than that of 1.0 MG-MTO 
till the 60'^ day. However a slight increase in the GSI of the 0.5 MG-MTO compared 
to that of 1.0 MG-MTO could be seen on the 80'^ day in the graph.
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5.DISCUSSI0N
5. DISSCUSSION
Aquaculture is increasingly recognized as a sustainable means of 
producing high quality aquatic foods for human consumption. In aquaculture as in 
agriculture there are areas where science plays an important role. These include 
reproduction, early development, nutrition, health and genetics (Donaldson, 1988). 
Among these reproduction is an important area, since reproduction in captivity has 
been the major key in aquaculture, which has opened the door for successful early 
rearing, metamorphosis and grow out to market size. One sub area in controlled 
reproduction of finfish, which is increasing in importance, is the regulation of sex.” it 
thus becomes of great interest to discover the mechanism by which sex is 
determ ined and to find whether by any means we can bring it under control” (Huxley, 
1938).
Smith (1959) had studied several members of the subfamily 
Epinephelinae and confirmed them as protogynous hermaphrodites based on the 
following observations: 1) No males were found in the smaller sized groups. 2) Males 
appeared among medium sized fish and the proportion increased among the higher 
sized classes until the larger sized groups were exclusively males.3) Regressive 
oocytes were found in the testes of the functional males.
In the present experimental study on E.diacanthus the wild and 
experimental fishes used were in the smaller length groups (125-217 mm SL) and all 
of them were confirmed females. It confirms the view that E.diacanthus is a 
protogynous hermaphrodite.
Tessy (1994) had made an extensive study on E.diacanthus from the 
south - west coast of India, for a period of two years (Dec ’90 to Nov ’92). She has 
recorded that majority of the smaller size group fishes mature as females and most of 
the males appeared from fem ales after sex inversion. The observation of Tessy 
(1994) was also taken to confirm  E.diacanthus as a protogynous hermaphrodite. In 
her study by examining the specimens caught from the wild she has concluded that 
immature stages of E.diacanthus  occurred in length groups of 91-110mm. The 
selection of the fishes fo r experiments in the present work was based on the above 
study by Tessy (1994). In the present study the smallest size of the fish in which
44
primary developing oogonia were observed was 125 mm SL, which is slightly bigger 
compared to the observations by Tessy (1994) because of the lesser sample size 
chosen for the study in our work.
Sex control is also of importance for maintaining the economic 
efficiency of the production systems. In many species one sex grows faster, matures 
later or has a higher market value than the other sex. Monosex or sterile populations 
also serve specific culture purposes. Studies on the endocrine control of sex 
differentiation were initially conducted on ornamental fishes such as the Medaka, 
Oryzias latipes (Yamamoto, 1969). Since then, studies on a range of economically 
significant species have led to the utilization of sex control in commercial aquaculture 
(Hunter and Donaldson, 1983). Sex control is of particular importance in the culture 
of tilapias (Me Andrew, 1993), Pacific salmonids, Oncorhynchus sp (Piferrer and 
Donaldson, 1993) and its utilization is being examined in other cultured species such 
as the carps (Cyprinidae), flatfish (Pleuronectiformes) and groupers (Serranidae) 
(Donaldson et al., 1989). In recent years several of the protogynous groupers were 
also chosen as candidate species for aquaculture. Sex control and sex reversal can 
be brought about by the use of sex steroids (Yamamoto, 1969).
Research efforts have been directed at the induced breeding of the blue 
spotted grouper in particular, to solve the problem of establishing mature male 
broodstock in captivity. As the groupers are protogynous hermaphrodites, natural sex 
reversal through hormone therapy is therefore vital to grouper propagation and 
culture development (Kuo e ta l., 1988).
The present study in E.diacanthus was done with the major objective of 
studying the actual process of reversal of sex in primary females by administering 
17a- MT at 0.5 mg/kg BW and I.Omg/kg BW orally. In this study initiation of the 
process of sex reversal could be seen on the 25'^ day. A complete reversal in the sex 
of the MT treated experimental fishes could be seen on the 40'*^  day. The gonad 
continued to be in the state of degeneration on the 60''^ as well as on the 80’*^ day of 
the experiment also.
In the present study on E.diacanthus, on the 25^  ^ day, gonads taken 
from the control fishes (125mm SL) appeared roundish and off white in colour on
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external examination, while the treated gonads (0.5 MG-MTO and 1.0 MG-MTO) of 
E. diacanthus were shrunken and ennaciated. The shrinkage was very drastic on the 
40'^ day and it extended till the 80^ '^  of the experiment. However the control gonads 
stayed roundish and fleshy even on 40^'^and 60'^ days. On the 40 day the removal 
of the treated gonads was very difficult. The surrounding viscera and the swim 
bladder had to be cleared to remove the treated gonads. Similar observations on the 
shrinkage of treated gonads had been recorded by Kramer et al. (1988) in their 
experiment on the bluehead wrasse, Thalassoma bifasciatum  wherein the removal of 
gonads of testosterone treated fishes was very difficult “sometimes it was necessary 
to remove surrounding visceral masses, e.g., gut and spleen” . This shrinkage may in 
part be contributed by the disappearance of oocytes through the process of 
degeneration.
Chen et.al., (1977) reported that two of the 3 groupers of the species, 
Epinephelus tauvina, fed 80 mg MT over 30 days resulted in sex inversion. 
Subsequently all 25 fishes given a dosage of 1 mg MT/ kg diet, 3 times in a week 
over two month period underwent sex inversion. A very significant observation is that 
the dosage given in the present study was very low i.e., 9.9 mg MT/kg in 0.5 mg 
dosage and 19.1 mg MT/kg in 1.0 mg dosage in a period of 25 days compared to 80 
mg MT during thirty days in E.tauvina by Chen et al. (1977).
In the present study on E.diacanthus, there was a drastic reduction in 
the gonadosomatic index o f 0.5 and 1.0 mg treated fishes compared with that of the 
untreated experimental fishes. On the 40'^ day, the GSl of the control fishes were 
0.0605 whereas the GSl of 0.5mg and 1 .Omg treated fishes was 0.0148 and 0.0258 
respectively. In 0.5mg hormone treated fishes size of the gonad had reduced by four 
times (0.0605/0.0148= 4) while in the 1.0 mg treated fishes the gonad had reduced 
twice (0.06065/0.0258=2) Such reduction in the GSl was recorded by Kuo et al., 
(1988) while inducing sex reversal in the blue-spotted grouper Epinephelus fario by 
oral administration of 0.5 mg and I.Omg methyl testosterone for a period of five 
months.
Kramer et al. (1988) studied in depth the effects of testosterone 
implants in the bluehead wrasse, Thalassoma bifasciatum. The untreated intersex 
gonad of Thalassoma bifasciatum, they observed were “small, firm to touch and
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appeared white when viewed macroscopically. Histologically male and female germ 
elements were present. Oocytes were still abundant; however, they were at different 
stages of degeneration, as evident from the considerable variation in their size, 
shape and staining characteristics. The male germ cells were present as small 
aggregates or islands most often concentrated near the periphery of the lamellae. At 
no time was sperm present". Our histological obsen/ations in E.diacanthus intersex 
gonads obtained by feeding 0.5 mg and 1.0 mg MT around the 25'^ day are very 
similar to the observations by Kramer e ta i  (1988).
Surprisingly Thalassoma bifasciatum  implanted with testosterone 
pellets showed degeneration of the ovarian tissue being initiated on the 21®' day. 
However there was no evidence of spermatogenic tissue (as observed in the wild 
untreated intersex gonads). On the 40^ '^  day the degeneration of the treated gonad 
progressed further. However there were no signs of early or late spermatogenic 
tissue within the ovarian wall. Our observations in E.diacanthus are contradictory with 
that of Kramer, since we were able to observe spermatogenic tissue on the 25'*^  day 
and more spermatogenic tissue occupying the entire gonad.
Kuo et al. (1988) in his study on the induced sex reversal of the blue- 
spotted grouper Epinephelus fario, observed that in a period of about, one month, the 
MT (0.5 mg and 1.0 mg) treated fishes were in their transitional stages. 
Degenerating oocytes could be seen histologically. Our observations on the intersex 
gonads on the 25^  ^ day of experimentally treated fishes are very simile.' to the 
observations of Chan and Yeung (1983) and Kuo e fa/.(1988). The processes of 
atresia of the ovarian tissue and a spurt spermatogenic activity were seen 
progressing in the treated gonads of E.diacanthus in the present study.
Chan and Yeung (1983) observed the process of spermatogenesis 
amidst the existing oocytes in the gonad of a natural sex reverting grouper 
Epinephelus akaara. Our observations on the gonads of the MT treated animals 
around the 25^ '^  day were sim ilar to the above observation. However we have not 
studied the natural sex reversal in E.diacanthus in our experiments
Earlier attem pts by Chan et al. (1975) to induce sex reversal through 
pellet implantation or multiple injections (Tang et al., 1974) in the protogynous
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Monopterus albus were unsuccessful. Detailed studies by Chan and Yeung (1983) 
over the years had been focussed on the endogenous hormone levels of the sex 
reverting females. Chan and Yeung (1983) finally postulated that the endogenous 
accumulation of the androgens was only a secondary event and not the actual cause 
for the real transformation of the ovary to testis. However our results were unlike the 
study of Chan and Yeung (1983), and evidence of the gonad reverting to maleness 
was very clear even on the 25^^ day. The degeneration of the gonad was observed on 
the 40"''', and on the days. However to enlighten on the subject of functional 
maturity more detailed studies will have to be made.
Debas et al. (1989) undertook studies on the morphological and 
endocrinological aspects in a grouper E.microdon. He observed that sex inversion in 
E. m icrodon looks like a return to the immature female stage before the development 
of male gametogenesis. His work was based on the observations of the Polynesian 
grouper E.microdon maintained in tanks. This hypothesis appears to be partly true in 
this experiment on E.diacanthus, since on the 25^ '^  day, majority of the oocytes had 
regressed, somewhat confirming the obsen^/ation by Debas et al. (1989).
Kuo et al. (1988) in their experiments on the blue-spotted grouper, 
E.fario  fed the fishes with MT thrice a week at two different dosages 0.5 mg and 1.0 
mg/kg BW of the fishes. His experiments resulted in functional males at the end of 
five months. In the present study, sex inversion of female to male was achieved in a 
period of 40 days. A very notable sim ilarity between the obsen/ation of Kuo et al. 
(1988) and our observation was the occurrence of degenerative changes: observed 
by Kuo et al., on the 40 day with the reversing gonads of E.fario and observed by 
us on the 60^  ^ and 80^ ^^  days in E.diacanthus.Kuo et al., observed functional maturity 
around 145 days wherein the treated gonads had spermatids and spermatozoa. 
However we term inated our experiment on the 80*'^  day and we did not have 
functional maturity of gonads taking place.
One of the significant findings in our experiment is that even a very low 
dosage of androgen can induce sex reversal in a protogynous hermaphrodite. 
However our observations on the influence of androgens on the sex reversal as well 
as observations of earlier stalwarts such as Chen et al .(1977) , Kuo et e/.(1988) on 
other species of groupers such as E.tauvina  and E.fario respectively, should not be
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taken as a sole method of obtaining males for fertilization in the protogynous teleosts; 
especially in the event of ban on the usage of androgens by some developed nations. 
We should think of alternative methods of sex reversal, taking into consideration the 
basic reasons for sex inversion such as endocrinological aspects (Yamamoto, 1962), 
social aspects (Robertson, 1972) etc. However experiments, as the one that we have 
initiated would certainly enable us lo understand many other mysteries inherent in 
this process of sex inversion and the enigma of hermaphroditism.
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SUMMARY
SUMMARY
E. diacanthus, a protogynous hermaphroditic grouper was used as a 
model fish to study the influence of the androgen, 17a-Methyl testosterone (MT) on 
the reproductive physio logy mainly with reference to sex reversal.
Prior to conducting actual experiments to achieve the main objective, 
detailed studies in re lation to the maturity stages of wild fish were conducted. These 
studies proved that E. dIacanthus is a protogynous fish.
For the experimental study on the influence of MT, three groups of 
fishes of 12 numbers were reared in sim ilar rearing containers of 5 ton capacity 
provided with inbuilt b iofilters. One of them was used as a control and the fishes 
were fed with a form ulated diet without MT. Group two and three were fed with 0.5mg 
and 1.0 mg MT/kg body weight incorporated in formulated diets. Fishes were fed at 
2°o of their body weight. The fishes were reared for a period of 80 days. The special 
diet formulated for the experiment was observed to be eagerly accepted by the 
groupers.
Periodically (25'^ day, 40"" day, 60’  ^ day and 80'*' day of experiment) 
representative samples of fish from each group were sacrificed and their gonads 
subjected to detailed morphological and histological studies. The detailed data 
collected from the experimental fishes show that feeding of methyl testosterone was 
accom panied by a drastic shrinkage of the gonads. Gonads of control fishes 
rem ained roundish and bulgy. The shrinkage of the gonad of the experimental fishes 
continued till the 80'^ day of the experiment.
The GSI of the 1.0 mg MT fed fishes decreased gradually from 0.03 on 
the 25'^ day to 0.0258 on the 40‘  ^ day. Further decrease in the GSI was very drastic. 
The GSI of the 0.5 mg MT fed fishes also decreased from 0.027 on the 25'^ day to 
0.0148 on the 40'^ day. The GSI of the 0.5 mg showed a slight increase on the 60' 
day and again decreased on the 80‘  ^ day. The GSI values of the control fishes were 
always above that of the MT fed fishes.
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The detailed changes in the histology of the gonads in MT treated and 
untreated gonads were studied in detail. Initiation of the process of sex reversal with 
the gonads reverting to maleness could be seen on the 25’  ^ day in the MT treated 
fishes. Both the dosages initiated sex reversal and were equally effective. Sex 
reversal was complete by 40'^ day.
Degeneration of the ovarian tissue continued from the 25"^ day till the 
end of the experimental period. Spermatogenic activities continued in the 
degenerating gonad till the 80*^ day.
Inspite of the sex reversal, functional maturity of the testes did not take 
place in androgen fed fishes even on the 80*'' day.
51
REFERENCES
REFERENCES
Antony Raja, B. T.. 1963. An instance of hermaphroditism in the oil -  sardine, Sardinella 
longiceps  ( Cuvier and Valenciennes). J. Mar. Biol. Ass. India, 5: 148-150
At/., J. W ., 1964. Intersexuality in fishes. In: Intersexuality in vertebrates including man (ed. 
Armstrong, C. N. and Marshal, A. J.). Academic press, New York, pp. 145-232.
Bartholomew, W. G. and D. R. Teichert-Coddington., 2000. Human food safety and 
environmental assessment of the use of ^7a- Methyl testosterone to produce male 
Tilapla in the United States. Journal O f World Aquaculture Society. 31: 337 -  357.
Brusle, S., Debas, L,, and Cauty, C. 1989. Morphological and cytological aspects of sex 
inversion in a protogynous hermaphrodite, Epinephelus microdon (Teleostei, 
Serranidae). In: Advances in Tropical Aquaculture, Tahiti, Feb 20 -  March 4, 1989. 
AQUACOP. IFREMER. Actes de colloque, 9: 559-562.
Chacko, P. I. and Krishnamoorthy, B., 1949. Hermaphroditism in the Indian shad, Hilsa 
ilisha  (Ham). Proc. of 36'^ Ind. Sci. Cong, pp.167.
Chan, S. T. H., 1970, Natural sex reversal in vertebrates. Philos. Trans. R. Soc. London, 
Ser. 6  259: 59-71.
Chan, S. T. H. and Phii, o sJ , G., 1969. The biosynthesis of steroids by the gonads of the 
rice field eel, M cnopterus albus in various phases during natural sex reversal. Gen. 
Comp. Endocrinol, 12: 619-636.
Chan, S. T. H. and Yeung, W. S. B., 1983. Sex control and sex reversal in fish under 
natural conditions. In. Fish physiology. Vol IX B. (ed. Hoar, W.S., Randall, D.J. and 
Donaldson, E.M.). Academic press, New York, pp.171 - 222.
Chan, S. T. H., Tang, F. and Lofts, B., 1972.The role of sex steroids on the natural sex 
reversal in Monopterus albus (Pisces:Teleostei), J. Zool. 167: 415 -4 2 1 .
Chan, S. T. H. and O, W. S. and Hui, S. W . B., 1975. The gonadal and adenohypophysial 
functions of natural sex reversal. In. Intersexuality in the Animal Kingdom (ed. 
Reinboth, R.). Springer, New York, pp.201- 221
Chan. S. T. H., Ng. T. B., O, W. S. and Hui, S. W. B., 1977. Hormones and natural sex
succession in Monopterus. /n; Biological Research in Southeast Asia. (ed. Lofts, B. 
and Chan, S. T. H.). University of Hong Kong: Hong Kong, pp. 101 -1 2 0 .
Chen F Y Chow, M,, Chao, T. M. and Lim, R., 1977. Artificial spawning and larval rearing 
o f the grouper, Epinephelus tauvina (Forskal), in Singapore. Sing. J. prim. Ind. 5: 1-
2 1 .
52
Colombo, L , Conte, E, D. and Clemenz, P., 1972. Steroid biosynthesis in vitro by the 
gonad of Sparus auratus  L. (Teleostei) at different stages during natural sex 
reversal. Gen. Comp. Endocrinol, 19; 26-36.
*D Ancona, U., 1948. Prime osservazioni su ll’azione degli ormoni sessualisulla gonude dell 
anguilla; A tli Accad. Naz. Lincei. Cl.Sci. Fis.mat.Rend. 10; 284-289,
*D Ancona, U., 1949. Condizioni ambietali e correlazioni umorali nel differenziamento 
sessuale e nello sviluppo dell ‘anguilla. Verb. Int.- ver. Theor. Angew. Limnol, 10:
126 -  133.
*D Ancona, U., 1950. D ’etermination et d ifferencia tion du sexe chez les poissons. Arch. 
Anat. Microsc. Morphol. Exp, 39: 274-292.
Debas, L., Fostier, A., Fuchs, J., W eppe, M., Nedelec, G., Benett, A., Aquacop, Cauty, C. 
and Jalabert, B., 1989. The sexuality of cultured hermaphroditic fish species : 
analysis of m orphological and endocrinological features in a protogynous 
hermaphrodite, Epinephelus microdon, as a bas\s for iurXher research to control 
reproduction in the grouper. In: Advances in Tropical Aquaculture, Tahiti. Feb 20 -  
March 4. 1989. Aquacop. IFREMER. Actes de colloque, 9; 543-557.
Dodd, J. M., 1983. Reproduction in cartilaginous fishes (Chondricthyes) In: Fish physiology, 
Vol IX A. (ed. Hoar, W . S., Randall, D. J. and Donaldson, E. M.). Academic press. 
New York, pp. 31-96.
Donaldson, E. M., 1983. Science and the future of aquaculture. In: Proceedings of the 
Aquaculture International Congress, Vancover, B. C., 6 -  9 September,B.C. Pav. 
Corp., pp, 299-309.
Donaldson, E. M., 1996. Manipulation of reproduction in farmed fish. In: Proceedings of 
the 13'^ International congress on Animal Reproduction (ICAR), June 30 -  July 4, 
Sydney Anim al Reproduction Science, 42: 381-392.
Donaldson, E. M,, 1997. The role of biotecnology in sustainable aquaculture, (ed. Bardach, 
J. E.) In: Sustainable Aquaculture. J., W iley and Sons. Inc. New York, pp. 101 -  126.
Dorairaj, K., 1973. Hermaphroditism  in the threadfin fish, Polynemus mycrostoma (Bleaker). 
Indian. J. Fish, 20: 256-269.
Fishelson, L. 1970. Protogynous sex reversal in the fish Anthias squamipinnis (Teleostei, 
Anthiidae) regulated by the presence or absence of a male fish. Nature, 227: 90 -  91
Fostier, A., Jalabert, B., Billard, R., Breton, B. and Zohar, Y., 1983. The gonadal
steriodogenesis. In: Fish Pysiology, Vol IX A (ed. Hoar, W. S., Randall, D. J. and 
Donaldson, E. M.). Academic Press, New York, pp. 277-372.
Guerrero, R. D. and Shelton, W. L., 1974. An aceto-caramine squash method for sexing 
juvenile fishes. Prog. Fish. Cult, 36: 56pp.
53
Guraya, S, S., 2000. The biology of gonadal development, sex differentiation and 
maturation, and sex reversal in fish : Cellular, Molecular and Endocrinological 
Aspects. Proc. Indian. Natn. Sci. Acad. (PINSA) B66 NOS 495, pp.167-194.
Harrington, R.W. Jr. 1971. How ecological and genetic factor interact to determine chen 
self fertilizing hermaphrodites of Rivulus marmoratus change into functional 
secondary males, with a reappraisal of the modes of sexuality among fishes. 
Copeia, 3: 389 -  432.
'Heem stra, P. C. and Randall, J. E., 1993. FAO species catalogue. Groupers of the world 
(Family; Serranidae, Sub-family: Epinephelinae). An annoted and llustrated 
catalogue of the grouper, rock cod, hind, coral grouper and Lyretail species known 
to date. FAO Fish. Synops. No. 125.
Hida, T. S., 1967. The distribution and biology of polynemids caught by bottom trawling in 
the Indian seas by the R/v Antan Brunn 1963. J. Mar. Biol. Ass. India, 9:281-299.
Hunter, G. A. and Donaldson, E. M., 1983. Hormonal sex control and its application to fish 
culture. In: Fish physiology,Vol IX B (ed. Hoar, W.S., Randall, D.J. and Donaldson, 
E. M.). Academic press. New York, pp.223-303.
‘ Huxley, J., 1938. Essays in Popular Science.Penguin, Harmondsworth, 307 pp.
Johnstone, R.,1993.Maturity control in Atlantic salmon./n: Applications of Comparative 
Endocrinology to Fish Culture.(ed. Bromage, N., Donaldson, E. M., Zanuy, S., 
Carrillo, M. and Planas, J.). /n.'Recent Advances in Aquaculture (ed. Muir, J. F. and 
Roberts, R, J.).Vol IV. Blackwell, Oxford, pp.99-105.
Julavittayanukul, P., Puthinawaratt, C. and Suttemechaikul, N., 1985. Study on grouper 
hatchery and nursery. In: Proceeding of the 3"'' Brackishwater Fisheries Research 
Seminar, pp.22-24.
Kagwade, P. V., 1969. Hermaphroditism in Polydactylus indicus (Shaw). J. Mar. Biol.
Assn. India, 103: 399- 401.
Kramer, C. R., Koulish, S. and Bertacchi, P. L., 1988. The effects of testosterone implants 
on ovarian m orphology in the bluehead wrasse, Thalassoma bifasciatum  ( Bloch) 
(Teleostei: Labridae). J. Fish. Biol, 32: 397- 407.
Krishnamoorthi, B., 1971. Biology of the the threadfin bream, Nemipterus japonicus
(Bloch). Indian. J. Fish, 18: 1-21
Kuo, C. M., Ting, Y. Y. and Yeh, S. L., 1988. Induced sex reversal and spawning of blue- 
spotted grouper, Epinephelus fano. Aquaculture, 4: 113 — 126.
Me Andrew, B. J., 1993. Sex Control in tilapinnes. /n:Applications of Comparative 
Endocrinology to Fish Culture.(ed. Bromage, N., Donaldson, E. M „ Zanuy, S., 
Carnllo, M. and Planas, J.).ln : Recent Advances in Aquaculture (ed. Muir, J. F. and 
Roberts, R. J.).Vol IV. Blackwell, Oxford, pp.87-98.
54
Moe, M. A. Jr., 1969. Biology of the red grouper, Epinephelus morio, (Valenciennes) from 
the eastern Gulf of Mexico. Prof. Pap. Ser. Mar. Lab. Fid. No.10, 95pp.
Moyer, J, T. and Nakazono, A., 1978. Population structure, reproductive behaviour and 
protogynous hermaphroditism in the angel fish Centropyge interruptus at Miyake- 
jima, Japan. Jpn. J. Ichthyol, 25; 25 - 39.
Nakamura, H,, 1975. Dose dependent changes in the effect of oral administrstion of Methyl 
testosterone on gonadal sex differentiation in Tilapia mossambica. Bull. Fac.Fish. 
Hokkaido. Univ, 24: 1 -  13.
Nayak, P. D., 1959. Occurrence of hermaphroditism in Polynemus tetradactylus (Cuvier 
and .Valenciennes). J. Mar. Biol. Assn. India, 1; 257-259.
Pakdee, K. and Tantavanit, S., 1985. Brown spotted grouper {Epinephelus tauvina) seed 
production at Pucket brackishwater fisheries station. In; Proceeding of the 2'^ '* 
Research Seminar (Fisheries), Kasetsart university, pp.129-137.
Pandian, T. J., and Varadaraj, k., 1987. Techniques to regulate to sex ratio and breeding 
in tilapia. Curr. Sci, 56 ; 337- 343.
Pandian, T. J. and Koteeswaran, R., 1998. Ploidy induction and sex control in fish 
Hydrobiologia (Golden Volume) 384 ; 167 -  243.
Pandian, T. J. and Koteeswaran, R., 1999. A lability of sex differentiation in fish. Curr. Sci, 
76: 580 -  583.
Patnaik, S., 1967. Hermaphroditism in the Indian Salmon, Eleutheronema tetradactylum  
(Shaw), Curr. Sci, 36; 525 pp.
Piferrer, F. and Donaldson, E.M., 1991. Dosage dependent differences in the effect of 
aromatizable and nonaromatizable androgens on the resulting phenotype of coho 
salmon (Oncorhynchus kisutch). Fish. Physiol., 9; 1 4 5 -  150.
Piferrer, F. and Donaldson, E. M., 1993. Sex control in Pacific salmon./n:Applications of 
Comparative Endocrinology to Fish Culture.(ed. Bromage, N., Donaldson, E. M., 
Zanuy, S., Carrillo, M. and Planas, J.). In: Recent Advances in Aquaculture 
(ed.Muir.J.F. and Roberts,R.J.).Vol IV. Blackwell, Oxford, pp.69-77.
Piferrer, F. Benfey, T.J. Donaldson, E.M. 1994. Gonadal morphology of normal and sex 
reversed trip lo id and gynogenetic diploid cocho salmon (Oncorhynchus kisutch).
Prabhu, M. S. and Antony Raja, B., 1959. An instance of hermaphroditism in the Indian 
mackerel, R astre lliger kanagurta  (Cuvier). Curr. Sci, 28. 73 — 74.
Raju, G., 1960. A case of hermaphroditism and other gonadal abnormalities in the skipjack 
Katsuwanos pe lam is  ( Linnaeus ).J. Mar. Biol. Ass. India, 1; 95 -  102.
55
Rattanachot, A. and Pakdee, K., 1986, Experiment on propagation and nursing of brown 
spotted grouper {E. tauvina).ln: Technical paper of pucket brackishwater fisheries 
station, May 1986.
Reinboth, R. 1980, Can sex inversion be environmentally reduced? Biol. Reprod, 22: 49-59
Reinboth, R,, 1985, Ambisexuality in teleosts — a challenge to endocrinologists. In:
Development and Function of the Reproductive organs ( ed. Eshtol, A., Eckstein, N., 
Dekel, H., Peters, H. and Tsafriri, A.), Serono Symposia Review. No. 11, pp. 103-111
Reinboth, R,, 1988, Physiological problems of teleost ambisexuality. Envir. Biol. Of. Fishes, 
22; 249-259,
Renu, Y,, Kongkumnerd, J ,,Vatanakul, V, and Ruangpanit N,, 1993. Histological changes 
in gonad of groupers, Epinephelus malabaricus. In: Proceeding of Grouper Culture 
held on November 30 -  December 1, 1993. Sangkala, Thailand, pp.16-26.
Robertson, D, R., 1972. Social control of sex reversal in a coral reef fish. Science, 177: 
1007-1009,
Ross, R.M,, 1990, The evolution of sex change mechanisms in fishes. Envir. Biol. Of. 
Fishes,29\ 81 -  93.
Ruangpanit, N., Bunliptanon, P., Pechmanee, T., Arkayanont, P. and Vanakovat, J., 1988. 
Propagation of grouper, Epinephelus malabaricus at National Institute of Coastal 
Aquaculture, SongkhIa, Tech. Paper No. 5/1988. National Institute of Coastal 
Aquaculture, SongkhIa, Thailand, 16pp,
Shelton, W. L,, K, D, Hopkins and G, L, Jensen., 1978. Use of hormones to produce 
monosex Tilapia In; Culture of exotic fishes symposium proceedings, (ed. 
Smitherman, R. O, Shelton, W. L. and Grover, J. L.).Fish culture section, American 
Fisheries Society. Auburn, Alabama, U.S.A, pp.10 -  33.
Shen, S. C, and Liu, C. H., 1976, Ecological and morphological study of the fish-fauna from 
the waters around Taiwan and its adjacent islands. 17. A study of sex reversal in a 
pomacanthid fish, Genicanthus semifasciatus {Kamohara). Acta. 
Oceanogr.Taiwan, 6^40-150.
Smith, C. L,, 1959, Hermaphroditism in some serranid fishes from Bermuda, Pap.
Mich. Acad. Sci., A rts  Lett, 44;111 -139.
Smith, C, L,, 1975. The evolution of hermaphroditism in fishes. In: Intersexuality in the
Animal Kingdom (ed.Reinboth. R,). Springer-verlag, Berlin and New York, pp. 293-
310.
SpunA-ay, R., 1957. Hermaphroditism with self fertilization, and the monthly extrusion of 
unfertilized eggs, in the viviparous fish Lebistes reticulatus. Nature (London), 180.
1248-1251,
56
Tan, S. M. and Tan, K. S .,1974. Biology of tropical grouper, E. tauvina (Forskal). l.A 
preliminary study on hernnaphroditism in E. tauvina. Singapore.J. Prim. Ind, 2:123- 
1 c 3 .
Tang, F., Chan, S. T. H. and Lofts, B., 1974. Effect of steroid hornnones on the process of 
natural sex reversal in the ricefield eel, Monopterus albus  (Zuiew). Gen. Comp. 
Endocr, 24; 227-241.
Tayannan, M. M. and Shelton, W. L., 1978. Inducement of sex reversal in Saratheradon 
niloticus (Linnaeus). Aquaculture,  ^4: 349 -  354.
Tessy, K. L., 1994. Studies on The biology of three cultivable species of Epinephelus ^rom 
the south west coast of India.Ph. D. thesis, 219 pp.
Tseng, W.Y and Ho, S.K., 1988. The biology and culture of red grouper. Chein Cheng 
publisher. Kaohsiung, R.O.C., Feb. 1988, 134 pp.
W achtel, S. S. and Koo, G. C., 1981. H -  Y antigen. In: Mechanisms of Sex Differentiation 
in Animals and Man (ed. Austin, C. R. and Edwards , R. G.). Academic press, New 
york, pp.255-300
W arner, R. R., 1975. The adoptive significance of sequential hermaphroditism in animals. 
Amer. Nature, 109; 61-82.
W arner, R. R., Robertson, D. R., Leigh Jr. E. G., 1975. Sex changes and sexual selection. 
The reproductive biology of a labrid fish is used to illuminate a theory of sex change. 
Science, 190; 633-639.
W itschi, E., 1934. Genes and inductors of sex differentiation in amphibians. Biol. Rev. Biol. 
Proc. Cambridge phiios. Soc, 9; 460-488.
W itschi, E., 1957. The inductor theory of sex differentiation. J. Fac. Sci. IHokkaido. Univ. 13; 
428-439.
Yamamoto, T., 1962. Hormonic factors in fish. Gen. Comp. Comp. Endocrinol. SuppI, I; 
341-345.
Yamamoto, T,, 1969. Sex differentiation. In: Fish Physiology, Vol III (ed. Hoar, W. S.and 
Randall, D. J.). Academic Press, New York and London, pp. 117-158.
Yamazaki, F., 1976. Application of hormones in fish culture. J.Fish. Res. Board Can. 33; 
948 -958.
Yamazaki, F,, 1983. Sex control and manipulation in fish. Aquaculture. 33; 329 -354.
Zolarzano, L., 1969. Determination of ammonia in natural seawaters by the phenol 
hypochlorite method. Limnol. Oceanogr. 14; 799-801.
Not referred in the originals.
57
